; r
| 1

e MASTER

.CoNF. 1893 .
TITLE: NJOY: A COMPREHENSIVE E&Qg/ B PROCESSING SYSTEM

AUTHOR(S): R. E. MacF- .ne, R. J. Barrett, D. W. Muir
’ . _ldo RI M. Bﬂicou!‘t

" SUBMITTED TO: RSIC Multigroup Cross Section Seminar
Cak Ridge, Tennessee '
March 14-16, 1978

By sooeptance of this article for publication, the
publisher the Gorernment’s (license) rights
{n any copyright and the Goverament and its authorized
‘rep-esentatives bave unrestricted right to reproduce in
whols or In part ssid erticls under any ocopyright
sesoured by the publisher. :

The Los Alamos Scientific Laboretory requests that the
publisher identify this article as work performed under
the ausploes of the USERDA.

of the University of California
LOS ALAMOS, NEW MEXICO 87848

An Affitmative Action/Equal Opperiunity Empleyer

URITED STATES
Jorm No 3¢ ENERGY RES:ARCH AND
Uia DEVELOPMENT ADMINISTRATION
. CONTRACT W-7408-ENG. 36

- b

FPIART AF LA R AR 02 smm e e m el DT

BT T


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


NJOY: A COMPREHENSIVE ENDF/B PROCESSING SYSTEM
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ABSTRACT

NJOY is the successor to the MINX code. It provides an
efficient and accurate capability for processing ENDF/B-IV
and V data for use in fast reactor, thermal reactor, fusion
reactor, shielding, and weapons analysis. WNJOY produces neu-
tron cross sections and group-to-group scattering matrices,
heat production cross sections, photon production matrices,
photon interaction cross sections and group-to-group matrices,
delayed neutron spectra, thermal scattering cross sections and
matrices, and cross-section covariances. Detailed pointwise
cross sections, heating KERMA factors, thermal cross sections,
and energy-to-energy thermsal matrices are also available for
plotting and Monte Carlo applications. NJOY currently pro-
cessess all types of data on ENDF/B except for the decay chain
and fission product yield files. NJOY provides output in the
CCCC ISOTXS, BRKOXS, and DLAYXS formats, in DTF/ANISN format,
and in a new comprehensive format called MATXS. Other impor-
tant features of NJOY include free-format input, efficient
btinary I/0, dynamic storage allocation, an extremely modular
structure, an accurate center-oi-mass Gaussian integration for
two-body scattering, and a flux calculator that makes it pos-
sible to compute accurate self-shielded cross sections when
wide and intermediate-width resonance effects are important.
NJOY is a single, integrated, efficient system that produces
almost all of the basic cross sections required for multi-
grouvp methods of nuclear analysis.

INTRODUCTION

As data requirements for nuclear analysis grow steadily more com=-
plex, the analyst is faced with a bewildering variety of acronymic codes
and libraries, each fulfilling only part of his needs, and each using a
different format., Assembling the data he neceds is full of annoyances,
and incompatibilities are a constant danger. The goal of the NJOY de-
velopment program has been to create a single self-consistent easy-to-
use system which will process all data types in the ENDF/B evaluated
nuclear data files* and output it in the form the designer needs.



NJOY is a child of MINXz and the name stands for "MINX-plus." 1t is
a modular system where each module is an essentially free-standing code
devoted to one particular procassing task (see Table 1 for a list of the
current modules. The following sections discuss the structure of NJOY and
describe the functions and interesting features of each module.

Table 1. The Modules of NJOY

Name Function

MODER BCD/binary mode conversion
RECONR Cross section reconstruction
BRCADR Doppler broadening

UNRESR Unresolved cross sections

HEATR Heating pointwise cross sections
THERMR Thermal pointwise cross sections
GROU™R Group neutron and ny cross sections
GAMINR Gamma interaction cross sections
ERRCRR Cross section covariances

DTFR DTF format output

CCCCR CCCC (Verion III) format vutput

MATXSR MATXS format output

STRUCTURE AND UTILITIES

The overall structure of the NJOY system is shown in Fig, 1. All
working modules communicate with each other using disk files (loosely
“tapes") in ENDF/B format. These files are the original ENDF/B tape, a
completely pointwise ENDF tape (PENDF), and a groupwise ENDF tape (GENDF),
Modules can be run in many different orders and these internal tapes are
useful for restartas. For example, a single saved GENDF tape can be re-

. formatted into DTF, CCCC, ana MATXS formats without rerunning the expen-
sive group-averaging process. Similarly, multigroup constants for several
different group structure and weighting function combinations can be run
from one preprocessed PENDF tape.

The function of the main program is to specify the order of execution
of these modules. In OVERLAY versions of the code, it also contains the
library of utility systems available to all modules: free format input,
variable-dimensioned dynamic storage, and ENDF/B input/output and computa-
tion.

NJOY contains its own machine-independent free format input processor
with very simple rules of context. This input routine is especially use~-
ful with terminal-oriented computer systems. Variable~-dimensioned storage
and dynamic storage allocation are handled by a set of simple subroutines
called the STORAG package. It allows space to be reserved, released, or
located by name in a large container array. Ae a rusult,; computer memory
is used very efficiently.



The ENDF/B 1/0 routines in NJOY use either the BCD mode or a new
blocked binary mode. The new mode allows large tabulations to be broken
up into small logical records which can be "paged" through calculations
‘efficiently without using excessive memory. Significant time savings
are achieved by avoiding repeated '"coding" and "cracking" of BCD records
as shown in Table 2. MODER is used to convert back and forth between
ENDF/B BCD and blocked binary modes.

Table 2. Comparison of BCD and Binary I/0 Modes

Test BCD Binary

2350 Noppler broadening 169.0 72.1

235U P3 elastic matrix 10.9 4.99

235y(n,2n) matrix 4.31 0.34

Fe Doppler broadening 139, 46.5
RECONK

This module reconstructs ENDF/B cross sections on a union energy
grid such that all partial cross sections can bte represented to within
a stated accuracy using linear interpolation. The total cross section
and any other summation cross sections (i.e., inelastic, sometimes fis-
sion, sometimes n,2n) are then recomputed to equal the sum of their
parts. Linearization uses the method developed for MINX and resonance
reconstruction uses the methods of RESEND> with several additions. A
more efficient multilevel Breit-Wigner resonance calculation has been
added bagsed on the work of C. Lubitz.4 The accurate Hwang and Henryson
unresolved quadrature set? has been added. Finally, an option has been
added to the single-level Breit-Wigner calculation to allow reconstruc~
tion at a specified temperature using the y and X functions. The input
to RECONR is a standard ENDF tape; the output is a PENDF tape.

BROADR

This module broadens tabulated cross sections at some lnput temper-
ature to specified output temperatures. The results can be thinned to a
specified accuracy. In the "bootstrap' mode, the starting temperature
for final temperature 2 is final temperatu—e 1. Due to the thinning,
this mode is faster. Restart from a previously broadened PENDF tape is
possible to add temperatures or to recover from an error in a previous
attempt such as time limit.

The method of the SIGMA-1 code® 1s used with two major modifications.
First, storage and indexing of data is changed to allow for broadening of
several reactions on the union grid simultaneoucly, The summation cross



sections are recomputed after broadening. Second, a new method for com-
puting broadening integrals at low energies and high temperatures is used
vhich eliminates a numerical instability in the original code, Table 3
compares processing times for NJOY and the original SIGMA~1 method as
used in MINX.

The broadened cross sections are written on a new PENDF tape as a
series of materials, all with the same MAT number, but each with a dif-
ferent temperature.

Table 3. Comparison of Doppler
Broadening in NJOY and MINX

C seconds (1) fo 300 K)
Nuclide MINX NJOY
12, 5.83 0.73
Fe 104.7 31.9
235 171.1 42.1
240p,, 2239.6 570.1
UNRESR

This module prepares effective self-ghielded cross sections versus
energy, temperature, and background cross section. The methods used were
borrowed from ETOX’ and are almost identical to those used in MINX except
that the accurate Hwang and Henryson quad,ature schemed 1s used. The re-
gults are added to the input PENDF tape using a special ENDF/B format
(MFP=2, MI=152) for use by subsequent modules.

HEATR

The HEATR module computes pointwise prompt heat production cross
sections (KERMA factors) and adds them to the PENDF tape using the 300
series of reaction numbers (e.g.é MT30) is total heating). The calcula~-
tion is similar to the MACK code® except that photon production is ac-~
counted for consistently using an energy-balance method.

Prompt, local heating is a result of the slowing down of charged
particles including the recoil nucleus itself., However, ENDF/B does not
contain the charged particle spectrum data necessary for the direct cal-
culation. By energy conservation, the energy available for local heating
is equal to the total available energy minus the energy carried away by
secondary neutrons minus the energy carried away by photons., This ap-
praoch has the advantage of giving the correct heating for large syatems
(i.e., fev phntons escape) when the partiftion between neutron and photon
events is severly misevaluated, or even when photon production is absent.



HEAIR computes the average neutron energies directly from ENDF/B an-
gular distributions (MF4) and energy distributions (MF5). Average photon
energies are computed from the energies of discrete photons (MF12 and/or
MF13) and the energy distributions for continuum photons (MF15). Crosa
sections are obtained from the PENDF tape.

As shown in ¥ig. 2, the data produced by HEATR is only one component
of the data required for a complete heating calculation., Once the neu~
tron flux has been computed, the heat production cross section from HEATR
is used to compute the "prompt local heating," the photon production ma-
trix (see GROUPR) is used to compute the prompt part of the photon source,
and the activation cross sections are used to produce the delayed photon
precursors. The total photon source is used in a transport calculation
to determine the photor. flux. This flux is then used with the photon
heat production cross section (see GAMINR) to compute the "non-local heat-
ing." The last component is the "delayed local heating" due to particle
decay of the activation products or fission products, A future NJOY mod-
ule will provide the data for the decay branch in Fig., 2 directly from
ENDF/B-V file 8.
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— local local non-local
heating heating heating
Fig. 1. Overall structure of Fig. 2. Procedure for & complete
the NJOY system. - nuclear heating calculation.

THERMR

THERMR i{s used to generate pointwise cross sections and energy~to-
energy scattering matrices in the thermal range. The results are added
to the PENDF tape for use by subsequent modules.

Incoherent: energy-to-energy P or angular scattering matrices can
be generated for free scatterers or for bound scatterers when ENDF/B scat-
tering functions are available.? The secondary energy grid is determined
adaptively for each incident energy and angle or Legendre moment so that
linear interpolation is accurate to with a specified tolerance. The in-
cident energy grid is fixed. The incoherent cross section is determined
by integrating over these distributions and transferring them onto the
grid of the PENDF tape by Langrangian interpolation. Finally, tYe energy-
and-angle distributions are normalized and written onto the PENDF tape



using a modified version of File 6. This approach is horé direct than
that of FLANG:-II,10 and it permits multigroup averages to bz taken (see
GROUPR).

Coherent scattering for hexagonal lattices is handled as in the HEXSCAT
codell except that more Legendre orders are allowed, and a new approxima-
tion is used at high energies where reciprocal lattice shells become closely
spaced. In addition, the energy grid is determined adaptively so as to
represent the P, cross sections to within a specified tolerance using lin-
ear interpolation. The results are written on File 3 using special MT
numbers.

GROUPR

GROUPR 13 used to produce multigroup cross sections, anisotropic
group-to-group neutron scattering matrices, and anisotropic photon produc-
tiog matrices. Special features are provided for ratio quantities (e.g.,
Vv, U, &, or photon yields), delayed neutron spectra by time group, and
anisotropic thermal neutron scattering. Fission is represented as group~
to-group matrices for full generality. All cross sections and matrices
can be temperature dependent and self-shielded.

It has been found that all these varied types of data can be processed
efficiently and compactly using the following generalized integral over
incident energy in group g:

, ! F o ¢ dE
0 =

& [' o ¢ dE
8

> 1

vhere ¢ is the model neutron flux, 0 is a particular cross section, and

F 1is a function which varies for different data types. For example, 0 = O
and F = v gives the fission neutron production cross section. Matrices
for two-body scattering reactions are obtained with

Fe f MW P, 1w, 2)
8'

where f 1s the angular distribution in the center-of-mass frame, P, 1is a
Legendre polyncmial, w is8 the LAB cosine, y is the CM cosine, and the in-
tegration is over all w that lead to secondary energies in group g'.
(GROUPR uses an accurate Caussian quadrature for this integral). Similar-
ly, continuum scattering uses

P=® (®) f B(EWE)E' (3)
s!



where g is the secondary energy distribution for the reaction (g may be
a delta function for discrete photons).

Thermal coherent reactions are processed as cross sections but inco-
herent scattering requires special methods because of the relatively
coarse incident energy grid. The feature of this reaction is a peak
which moves in the (E,E') plane but whose shape changes slowly. Straight
forward interpolation along E and E' would lead to double-humped shapes.
Therefore, when E is between E; and E4 1» GROUPR projects up from E4 and
down from Eip along the lines E=E' and adds to get the effective shape
at E . Then

r -f gn(E<-E')dE' , (4)
8'

where 2 is the projected distribution.

The incident energy integrals of Eq. (1) are particularly simple.
Fecause of the linearization of the point cross sections on the PENDF
tape (see RECONR), trapazoidal integration can be used for all cases ex-
cept Eq. (2). In that case, the additional structure in F(E) is approxi-
mately ar. oscillatory polynomial of known order which can Le accurately
integrated by a Gaussian quadrature.

Tha use of such simple quadrature schemes lends itself to doing many
integrations in parallel, thus saving the time required to page the com-
Plex cross-section tabulations through memory. NJOY does the incident
energy integretions for all secondary groups, all Legendre orders, and
all 0y values simultaneously. The savings of computing time are illus-
trated in Tadle 4.

Table 4. Comparison of Multigroup
Calculations Using MINX and NJOY

Test MINX N.10Y
235U selected cross sections 25.0 5.75
235U P3 elastic matrix 33.4 4,99
?3%y , total matrix 567. 21.4
Fe P3 elastic matrix 58.5 13.8

This parallel processing also insures that all neutron induced cross
sections are consistent in precision, weight function, and content, thereby
avoiding many of the problems encountered when building coupled sets with
neutron data from MINX, photon production from LAPHANO,12 and heating
from MACK.



GROUPR normally uses a model flux appropriate for large systems in
the narrow resonance approximation

W(E
o(E) = ;,3—;(3":—(—5 : ()

vhere W is a smooth weight function selected by the user, 0, is the total
cross section, and Op is the background cross section parameter, For
thermel reactor probleas, where the narrow resonance approximation breaks
down, GROUPR can compute the flux appropriate to a heaby absorber mixed
with a light scatterer using

, B/ o EDOEY) ,‘
[0y + 0, (E)]$(E) = oW E) + —aoE - (6)

E

where Og 1s the scattering cross section of the absorber and o is the max-
imum lethargy change in scattering. The integral equation is solved by
iteration using the PENDF cross sections. The result is a very accurate
accounting of all wide and intermediate resonance effects on self-
shielding.

The GROUPR results are written onto the ENDF-like GENDF tape for
eventual use by the formatting modules (DTFR, CCCCR, MATXSR).

GAMINR

GAMINR produces photon interaction multigroup cross sections and
group~-to-group photon scattering matrices from ENDF/B data. Total, co-
herent, incoherent, pair production, and photoelectric cross sections can
be averaged using specified group structure and weight function. The Le-
gendre components of the coherent and incoherent scattering cross sections
are calculated using the form factorsl3 now available in ENDF/B-1V,

These form factors account for the binding of the electron in its atom,
Consequently, the cross sections are accurate for energies as low as 1
keV. GAMINR also computes the photon heat production cross section. The
resulting multigroup constants are written on a GENDF tape for use by the
formatting modules (see MATXSR).

Calculational methods are very similar to those iu GROUPR except
- that special methods had to be developed for doing the integrals required
to define the F functions for coherent and incoherent scattering.

GAMINR has many advantages over the older GAMLEG code14 including
Py, coherent matri.es, the form factors, and the heat production cross sec-
tions., Variable-dimensioning allows very large problems to be run, How-
ever, GAMINR is slower than GAMLFEG.



ERRORR

This module produces cross section covariances from ENDF/B error
files.1l5 The current version processes only File 33 (cross sections).
This 18 sufficient to compute covariance between the cross section of
group g for reaction X and group g' for reaction X' when resonances are
not important. The necessary multigroup cross sections can be obtained
from a preprocessed supergroup library or generated internally in ERRORR
using the methods of GROUPR. The code also has a very general method for
constructing covariance matrices for reactions which are linear combina-
tions of other reactions.

As with the other multigroup modules of NJOY, ERRORR writes its re-
sults on a GENDF tape for later use by the formattiang modules,

The capabilities of ERRORR are very similar to those of PIJFF"‘6
is based on MINX.

which

* DTFR

This is a formatting module which converts multigroup data from a
GENDF tape into a form compatible with transport cndes such as DTF17 and
ANISN.18 Tables can be produced for nn, ny, and Yy data with as many
Legendre orders as desired and with up to 100 groups. Thermal data (see
THERMR) can be substituted for the normal static data in the low energy
groups. Upscatter is allowed, and consistent table truncation is performed
for both upscatter and downscatter groups which lie outside the limits of
the table. Activity edits can be added to the Po tables. Since the edits
can be any linear combination of cross sections on the GOUT tape, complex
things like pgas production are easy to construct. In addition, DTFR makes
Plots of the multigroup cross sections overla’ ° on the pointwise data,
and it makes isometric plots of the group-to-group matrices {(see Fig. 3).

12

Fig. 3. Photon production matrix for ~“C from ENDF/B-IV

(30 neutron and 12 photon grouns).



CTCCR

The CCCCR module formats GOUT cross sections intc interface formats
developed by the Committee for Cowputer Code Coordination (CCCC). Three
CCCC-11I filesl9 are eupported.

ISOTXS is a material-ordered file containing cross sections (total,

transport, n2n, na, nd, nt) and P, scattering matrices (total, elastic,
inelastic, n2n).

BRKOXS 1s a file of shielding factors by temperature and Op (total,
transport, capture, fission) and a few auxiliary cross sections used in
shielding calculations (e.g., elastic, inelastic, op, £).

DLAYXS 1is a file of delayed neutron ylelds and spectra by time
group. ENDF/B uses the tralitional six groups.

Complex data management schemes are used that make it possible to
use very largze group structures. The conventions used to load these files
are the same as those used for the MINX libraries20 except for a more so-
phisticated definition for the transport cross section and the treatment
of fisslon. The average fission ¥ vector is computed by collapsing the
GROUPR fission matrix with the multigroup model flux and including delayed
contributions.

MATXSR

This module refoirmats multigroup constants from the GENDF tape into
the MATXS interface format., MATXS is a new flexible and comprehensive
CCCC-type format designed to hold all the data types which can be pro-
duced by NTOY.

The current CCCC cross section files (ISOTXS, BRKOXS, DLAYXS, ISONGX)
are rather inflexible. For example, there is no place in ISOTXS for heat
production, gas production, or important high threshold reactions like
n3n and nat. Sensitivity studies require partial matrices which are not
allowed for. There is no provisions for self-shielding of elastic removzl,
heat production, or pho“on production, Furthermore, every data type has a
different format, leading to complex and bulky utilities.

MATXS, on the otherhand, has a very general organization designed to
hold arbitrary vectors and matrices. Tbz file is first divided into "data
types" such as neutron scattering, photon production, gamma scattering,
and neutron thermal data. Each type is assigned a name (NSCAT, NGAMA,
GSCAT, NTHERM) and new types are easily added. Data types are distin-
guished by the choice of incident and secondary group structures., In ad-
dition to simple cases like n*n or n*y, MATXS allows for complex couplied
sets such as ny’my or n’nYyf.

Each data type is divided into materials specified by nuclide, temp-
eraturc, and background cross section. Each material is further subdivided



into "vector partials" and "matrix partials." These reaction partials
are laheled with Hollerith names so there is no limit on the quantizies
that can be stored. Vectors arz packed with Jeading and trailing zeroes
removed, and mztrices are banded as in ISOTXS.

MATXSR reads reactions from the GENDF tape, assigns the Hollerith
names, and packs the cross sections into MATXS format. A readable listing
of the file is produced if desired, and an index of all the data types,
materials, and reactions on the file is printed.

Codes chat use MATXS are under development at both Los Alamos and Oak
Ridge. One example is TRANSX, an interface to transport codes such as
ANISN, TRANSX constructs tables in various formats for n-n, Y+Yy, or ny»nYy
coupled sets., The results can be direct or adjoint, material-ordered or
group-ordered, prompt or infinite-time, and transport corrected if de~
sired. The code will collapse to & subset group structure, form mixes,
and form activity edits which are any linear combination of vectors from
MATXS., Upscatter is allowed and thermal cross sections can be used at
low energies. Temperature and 9q interpolation are included for self-
shielding.

CONCLUSIONS

NJOY is a single nuclear cross-section processing system which per-
forms 111 the functions of MINX, LAPHANO, GAMLEG, MACK, PUFF, FLANGE-II,
and HEXSCAT simply and conveniently. It currently processes all ENDF/B-IV
end V data types except MF8 (decay data) and Mr32 (resonance covariances)
and makes the results available to subsequent codes using comprehensive
and efficient formats.
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